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Appendix 2
The chemical status of some lochs vulnerable to acid
deposition in Scotland
P S MAITLAND, A A LYLE and R N B CAMPBELL
Summary
Water samples for chemical analysis were taken from
the inflow and outflow streams of 83 Scottish lochs.
Fifty-seven of these lochs had granite basins and
catchments, whereas the catchments of the other 26
'control' lochs were of other types of bedrock.
Samples were taken on 2 different occasions at each
site. They were analysed for colour, pH, conductivity,
calcium, magnesium, phosphorus, nitrogen, chloride
and sulphur. The levels of these determinands found
at each site are presented and discussed. Samples
taken at different times from the same stream were
always very similar and usually those from the inflow
and outflow of each loch were too, although there
were one or 2 notable exceptions. There was_a general
similarity among samples from the same geographic
area but wide differences between some geographic
areas. pH and calcium data, in relation to the curve
proposed by Henriksen (1979), indicated that a number
of sites could be regarded as acidified. The majority of
these sites are in Galloway.
1 Introduction
Although considerable attention has been given to the
chemistry of fresh waters in various parts of the world
in relation to acidification (Vangenechten 1980; Wright
et al.  1980; Brown & Sadler 1981; Bobee & Lachance
1984), relatively little information is yet available for
Scotland, where the levels of acid deposition are
known to be just as high as those in Scandinavia and
North America (Cape  et al.  1984). Though the main
emphasis of the study of which this is part has been on
the biology of the fish, a considerable number of
chemical samples was taken during the survey and the
results from their analyses are presented and discus-
sed here.
Most attention within the project has been given to
lochs whose basins and catchments lie on granite
bedrock—much of the present evidence suggests that
these sites are likely to be among the most vulnerable-
to acid deposition (Almer 1974), and that some of
them at least have been acidifying since the Industrial
Revolution (Flower & Battarbee 1983; Battarbee
1984). However, a number of 'control' lochs (whose
basins and catchments lie on non-granitic rocks) were
included in the study series also, for comparison.
2 Methods
Eighty-three lochs in the study series selected from
Table 1.  Chemical determinands measured in this study
1. Hazen colour
2. pH
3. Conductivity
4. Calcium
5. Magnesium
6. Aluminium
7. PO4 phosphorus
8. NO3 nitrogen
9. NH4 nitrogen
10. Chloride
11. SO4 sulphur
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maps were visited during 1984 and 1985. Ai each loch,
water samples were taken from the major inflowing
stream and the outflow, at the beginning and again at
the end of each trip (Plate 1). The time interval involved
here was usually one day, but occasionally 2 or 3 days.
Water from the outflow was assumed to be repre-
sentative of the loch itself.
Samples were always taken in the same way, using
250 ml bottles. Each bottle was rinsed twice using site
water and then filled from just below the surface,
making sure that no contaminant materials from the
surface or elsewhere entered the bottle. Each sample
was then kept dark and as cool as possible (but not
frozen) until analysis.
Analysis of the determinands shown in Table 1 was
carried out on each sample. For various reasons it was
not possible to sample streams at all 83 loch sites.
Several lochs had no evident inflows, a few had no
running outflow at the time of the visit, or both were
completely silted or dried up. Groundwater was
assumed to be especially important to such systems
(Anderson & Bowser 1986). Where inflow or outflow
could not be sampled for any reason, 'substitute'
samples were taken in the loch close to the most likely
inflow and outflow during wet weather.
3 Chemistry
The general nature of the results of the chemical
analyses are indicated in Figure 1 for all the determi-
nands, with the exception of phosphorus and nitrogen.
The values for both of these were extremely low at the
great majority of sites and they are not discussed
further here. A general point to note is that for several
determinands there appears to be little difference
between the distribution of the data from the granite
lochs and those from the 'control' lochs. In general,
36
Plate 1.  Taking a sample of the water in one of the horns visited during the study for subsequent chemical
analyses (Photograph A N B Campbell(
20 Aluminium
10
Figure 1. The frequency distribution of chemical determinands at all sites studied. The values are means for the
outflow from each loch
too, there are few major differences between values
from the inflow and outflow samples taken at any one
loch (Figures 2 & 3).
The pH of most of the waters lay between 4.0 and 7.0,
though a number of samples were below 4.0 (mainly
the organically stained lochs on Islay) and a few above
7.0. Calcium levels were mostly low (the great majority
less than 5.0 mg 1-1) with only 5 sites greater than 15
mg I- 1,and values for magnesium were all less than 5
mg 1-1 with the exception of 2 sites.
As might be expected, the distribution of the values of
chloride was similar to that of total conductivity, the
majority of sites falling between 2.0-10.0 mg 1-1 and
10-70 jAS cm-1 respectively. Sites with the highest
values were fairly obviously those nearest the sea and
likely to be affected by windblown salts.
Values for Hazen were mostly less than 100 units,
indicating rather clear water for the most part, but a
few sites were exceptional in being over 250 units.
These stained lochs were on Arran, Islay and Nairn.
Levels of total aluminium were almost all less than 0.2
m9 I- 1 but 5 lochs were, exceptionally, above this
fi6ure. Similarly, levels of sulphate were mostly low
(the majority less than 5 mg 1-1) but there were a few
sites with moderately high values. Sulphate is reduced
in organically stained acid waters so the values from
such waters (eg those on Islay) are not realistic.
40 Calcium
20
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One of the most interesting aspects of the chemistry
in connection with the acidification problem lies in the
values of pH and calcium in relation to the 'acidification
curve' proposed by Henriksen (1979). Data from the
present study are shown in Figure 4, and it is clear that
there are a number of sites (mostly with pH values of
less than 5.0) which would be classified as being
acidified according to this criterion, although on a
purely chemical basis it is important to look at other
determinands as well (Brown 1982).
In looking more closely at the distribution of the sites
in Figure 5, it can be seen that, in many cases, there is
a close similarity between the chemistry of sites from
the same geographic area, and that there are widely
differing values from different areas. Thus, the lochs
on Islay and in Galloway have low pH and calcium
levels (Plate 2), whereas those from Criffel, Nairn
(Plate 3) and Aberdeen have very much higher values
for these determinands and would not be classified as
acidified. However, only the Galloway lochs would be
considered by Henriksen (1979) to be acidified, for he
points out that his hypothesis is relevant to clear
waters only and not to organically stained systems
such as those on Islay.
4 Discussion
In view of the potential importance of episodic events
(Bjarnborg 1983), the low numbers of water samples
which it was possible to take during this study (one
pair at the inflow and at the outflow of each loch) mean
38
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Figure 2. The distribution of cross-plots of pH values from pairs of samples taken from the inflows and the
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Plate 3 Loch Kirkaldy near Nairn, where there is no evidence yet of chemical acidification and the brown trout
population is large and healthy (Photograpb R N B Campbelli
4 5
ci
6 7 8
V
A
Lr
e
at
62
 6
5
11
9
33
7-
9
•
 
•
34
, 
.
2
41
01
:9 27
 
24
 ?:
71
54
11
51
1.
11
1
57
%
 O
U
•
08
2
28
AD
 
83
56
03
2 •1
2
10
59
Z2
•
 
0
14
:41
4 
14
17 •
22
01
,5 4
. 18 •
7 0
22 08
13 9.
11
4
6 
48
•
 
0 47 0
39 • 4
11
7_
§
18
2
5
25 •
21 0
3 4
5 
42
 
40
•
 
•
 
•
43 •
Ca
lci
um
 (m
g 
I-1
)
41
 
46
•
 
•
•
 
G
ra
ni
te
o
 
Co
nt
ro
l
•
Is
la
y
n
 
H
az
en
 >
 
10
0
49 •
50 •
51 •
0 
5 
10
20
 
27
Fi
gu
re
 4
. T
he
 d
ist
rib
ut
io
n 
o
f p
H 
a
n
d 
ca
lc
iu
m
 v
a
lu
es
 fr
om
 a
ll 
th
e 
si
te
s 
st
ud
ie
d.
 T
he
 va
lu
es
 a
re
 th
e 
m
e
a
n
s 
fro
m
 o
u
tfl
ow
 s
a
m
pl
es
. T
he
 cu
rv
e
 is
 th
at
 o
f
H
en
rik
se
n 
(19
79
) b
ut
 n
o
t 
a
ll 
th
e 
si
te
s 
a
re
 a
pp
lic
ab
le
 b
ec
au
se
 o
f 
th
ei
r 
a
lk
al
in
ity
 o
r 
o
rg
an
ic 
co
n
te
nt
.
ascu-
trat •osr -37 tra' nre
:re sarrr;le "rchr the rha r
pore a ,.rir aole reLat onsh
depend cg in local Con:11:.C.riS A: Host ace:*
cnemstryo t  tHe cut6ow and the ME; n‘lo .f.  .6as
sirriilar :F:cute SI However, "here are a number of
exceptions which are o' considerable !metes:, where
one or more of the chemical determinanos 0,'"ered
substannaN ;:ri the nflow antt outflow waters A goon
example of ',his dHference was at Loch Grannoch r
Galloway n May 1984, where the oH of the inflow was
6.2 whereas that of the outflow was 4 6 Smaller
differences were noted at subsequent v!s.:S., but t .s
evident that nflows o thls type may be very s,cry-
•
-riven  -
-
Jiog r.g. :ty exoet er.:te Her
1992: r6ese 6"o:ects are cel., to cc success's'
otre r  parrs cH  Scotland are also a—estec cy ac  `Hca-
t on iP:ate 4:
These results reflect the experience in several other
parts of the nor:rem hem.sphere Orabios & To:Jar
1980: Overre n er  al  1980: Ha nes 1981: Harvey &
Lee 1982: Johnsen 1982; Howens 1981 anc agree
with data produced by other workers xr Scotland
(Aright & HenrHsen 1980, Harriman & Morrison 1980.
1981. 1982} However, a feature of the fresh waters n
Scotland which seems to dist.nquish them, to some
amett3ira--;-
' .r>
, .-ityp-••-to•-••r
r't
.  a
:
Plate 4  Loch a Mhill Bhig near Loch Sloy in Strathclyde Four small lochs close together were sampled in th s
area, 2 were on the granite block and contained no fish, whilst 2 adjacent 'control' lochs off the granite (Loch a
Mhill Bhig being one of them) had normal populations of brown trout (Photograph K H Morris)
7E1 a
42
extent, from many of those in other geographic areas
is the large proportion which have high organic
staining. This factor needs to be emphasized more (cf
Harriman & Wells 1985) and should be the subject of
future research
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